Current treatment of patient with mantle cell lymphoma (MCL) is insufficient and does not result in cure. To assess the efficacy and safety of maintenance therapy for patients with MCL, we performed a systematic review and meta-analysis of randomized controlled trials. Six trials randomizing 858 patients were included in the meta-analysis. In 5 trials, maintenance therapy consisted of rituximab. The pooled hazard ratio (HR) of death with rituximab maintenance compared to observation was 0.79, 95% CI 0.58 to 1.06 (4 trials, 737 patients). Progression free survival was longer with rituximab maintenance in each of the trials and in the pooled analysis (HR 0.58, 95% CI 0.45-0.73). The risk of neutropenia was higher with maintenance compared to observation risk ratio (RR) 1.31, 95% CI 1.03 to 1.66. None of the trials reported on quality of life outcomes. The grade 3 to 4 infection rate was 7% in each of the treatment groups. The risk of grade 3 to 4 infection was not affected by allocation to maintenance. Rituximab maintenance is recommended after R-CHOP or R-cytarabine-containing induction in the frontline setting for transplant eligible and ineligible patients, and after R-CHOP in the relapse setting. It is unclear if maintenance is of benefit after different induction chemotherapy such as bendamustine or fludarabine. It is too early to conclude on other type of maintenance for MCL patients.
Introduction
The standard therapy for patients with mantle cell lymphoma (MCL) is chemotherapy and rituximab. 1 The type of chemotherapy depends primarily upon patient eligibility to transplantation. Younger and fit patients are usually treated with rituximab and cytarabine-containing induction followed by high-dose chemotherapy and autologous stem cell transplantation (ASCT), and older patients are treated with rituximab and a less intensive chemotherapy as cyclophosphamide, adriamycin, vincristine, and prednisone (CHOP), or bendamustine. After responding to initial therapy patients with MCL inevitably relapse, and their overall survival curve shows no plateau. Median overall survival with intensive therapy is about 8 years, but with less intensive regimens survival is <5 years. 2, 3 Maintenance therapy has the potential to improve disease control, duration of response, and survival. The introduction of nonchemotherapy drugs for MCL as monoclonal antibodies (ie, rituximab), proteasome inhibitors (ie, bortezomib), Bruton tyrosine kinase inhibitors, and immunomodulatory drugs as lenalidomide and interferon-alfa enabled their incorporation as maintenance therapy. To assess the efficacy and safety of any maintenance treatment for patients with mantle cell lymphoma, we conducted a systematic review and meta-analysis of randomized controlled trials.
Methods

Study selection
We included randomized controlled trials comparing any maintenance treatment to no maintenance (observation or placebo) or to another type of maintenance treatment in patients with mantle cell lymphoma, after induction treatment. Maintenance was defined as any treatment given repeatedly after end of induction therapy. We included trials regardless of publication status, date of publication, and language of the manuscript.
The primary outcome was overall survival (OS). Secondary outcomes were progression free survival (PFS), quality of life, response rates, and toxicity.
Data sources
We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (Issue 4, 2017), PubMed (1966 to December 2017), and conference proceedings of the American Society of Clinical Oncology Annual Meeting , the American Society of Hematology (1995 Hematology ( -2017 , and the European Hematology Association (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) . We searched databases of ongoing trials: http://www.controlled-trials.com/, http://www.clinical trials.gov/ct. We cross-searched "mantle cell lymphoma" with "maintenance." We combined the search terms with the highly sensitive search strategy for identifying reports of randomized controlled trials in the MEDLINE search and checked the citations of included trials to capture all studies.
Data extraction and quality assessment
Two reviewers (LV and RG) independently extracted data regarding case definitions, characteristics of patients and outcomes. Risk of bias was evaluated to 5 domains and assessed allocation concealment, generation of the allocation sequence, blinding, selective outcome reporting and incomplete outcome reporting according to the criteria specified in the Cochrane Handbook version 5.1.0. 24 In the event of disagreement between the 2 reviewers in any of the above, a third reviewer (AG) also extracted the data. We contacted the first or corresponding author of each included trial in order to obtain additional information on the trials.
Data synthesis and statistical analysis
Hazard ratios (HRs) and variances for time-to-event outcomes were estimated and pooled according to the inverse of variance method 4, 5 (Review Manager (RevMan) [Computer program]. Version 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). A HR <1.0 was regarded as being in favor of maintenance. Relative risks (RRs) and 95% confidence intervals (CIs) for dichotomous data were estimated using the Mantel-Haenszel method. 6 We used a fixed-effect model to pool the outcomes. We assessed heterogeneity of trial results by the chi-squared test of heterogeneity and the I 2 statistic of inconsistency. 7 Statistically significant heterogeneity was defined as P value <0.1 or an I 2 statistic >50%. We explored potential sources of heterogeneity through stratifying the patient subgroups given below, allocation concealment, blinding, and size of studies. We used random-effect model instead of fixedeffect model in a sensitivity analysis.
We planned to perform subgroup analysis by treatment line (first line; ≥second line); induction regimen; and transplant eligibility (high dose chemotherapy and ASCT before maintenance). Differences between subgroups were assessed using the chi-squared test for difference between subgroups. All statistical tests were 2-sided. We examined the funnel plot for OS to estimate the effect of small study size (ie, publication bias). 7 We used the GRADE system for assessment of quality of the evidence. 8 
Results
Of 190 titles and abstracts screened, 16 were relevant and retrieved for full details, of them 9 publications were excluded (Supplemental Digital Content, http://links.lww.com/HS/A15). Additional 6 ongoing trials were identified but none had outcome data. [9] [10] [11] [12] [13] Seven trials fulfilled inclusion criteria and were included in the systematic review, [14] [15] [16] [17] [18] [19] [20] [21] one of which did not report relevant clinical outcomes (Fig. 1) . 22 Thus 6 trials were included in the meta-analysis.
Eight hundred fifty-eight patients were randomized in 6 trials published between 2004 and 2017. Median follow up ranged from 26 to 59 months. Median age of patients ranged between 56 and 70 years. Patients receiving maintenance after first-line induction therapy were included in 4 trials, 14,18-21 patients receiving maintenance after at least second-line induction (ie, with relapse/refractory disease) were included in 1 trial, 15 and 1 trial included patients with any line of induction therapy. 17 Two trials included only transplant ineligible patients, 18, 20, 23 and 2 trials included patients after ASCT. 19, 21 Induction chemotherapy consisted of bendamustine, 20 CHOP or fludarabine/cyclophosphamide (FC), 18 FCM, 15 and cytarabine in 2 trials. 19, 21 Rituximab was added to chemotherapy in 4 trials, 14, [18] [19] [20] [21] 23 patients were randomized to rituximab or no rituximab in addition to chemotherapy in 1 trial, 15 and induction consisted only of rituximab in 1 trial (Table 1) . 17 In all the trials, patients who responded (complete or partial response) to induction therapy were randomized after the end of induction. Maintenance therapy included rituximab in 5 trials and bortezomib in 1 trial. 21 The schedule of rituximab was 1 dose of 375 mg/m 2 every 2 months for 8 months (4 doses), 17 for 2 years (12 doses), 20 for 3 years (18 doses), 19 until progression, 18 and 2 courses of 4 weekly doses 6 months apart.
15 Bortezomib 1.3 mg/ m 2 was given every 2 weeks for 2 years. Maintenance was compared to observation (4 trials) 15, 17, [19] [20] [21] 23 or to interferonalfa (1 trial).
14,18
Risk of bias in included studies
Risk of bias of included trials by domains of the Cochrane's tool is presented in supplement material (Supplemental Digital Content, http://links.lww.com/HS/A15) and detailed below.
Three trials were judged at low risk of selection bias, 15, 17, 18 in the 3 remaining trials methods of allocation concealment and generation were not reported. Two of them were reported as abstracts. 20, 21, 23 Blinding of patients and personnel was not done in all the trials.
Five trials were judged at low risk of attrition bias as they reported adequately on drop outs after randomization (number in each group and reasons for drop out). All trials were judged at low risk of reporting bias as clinically important outcomes including overall survival or death were addressed.
Overall survival
Rituximab maintenance vs observation or interferon-alfa. Four of the 5 trials that evaluated rituximab maintenance (737 patients) reported enough data for estimation of death as survival analysis. One trial in which MCL patients represent a subgroup did not report enough data to be included in the analysis. HR of death with rituximab maintenance versus observation or interferon-alfa was 0.79, 95% CI 0.58 to 1.06, I
2 of heterogeneity = 40%, P = 0.17 (Fig. 2) . [15] [16] [17] 19, 20 In 5 of the trials [14] [15] [16] [17] [18] [19] the point estimate of overall survival was in favor of rituximab maintenance, and in 1 trial it was against it. 20 In sensitivity analysis of death as dichotomous data that allowed pooled analysis of all 6 trials, the RR of death was 0.71, 95% CI 0.57 to 0.88, I
2 of heterogeneity = 55%, P = 0.06.
The quality of overall survival result was graded as moderate (downgraded due to the heterogeneity in some patient characteristics and induction regimens). Visual inspection of the funnel plot of the primary outcome did not support publication bias.
Bortezomib maintenance vs observation. One trial evaluated bortezomib maintenance for patients with MCL. Two of 30 patients died in the maintenance group, and 3 out of Subgroup and sensitivity analyses of overall survival of rituximab maintenance vs no maintenance or interferon-alfa. Transplant eligibility. Pooling data of 554 patients (3 trials) not eligible for ASCT, the HR of death with maintenance was 0.88, 95% CI 0.63 to 1.23, I 2 of heterogeneity = 30%, P = 0.24. One trial compared rituximab maintenance to no maintenance for MCL patients after ASCT. The HR of death was 0.51, 95% CI 0.26 to 0.99.
Treatment line. Treatment with maintenance for patients with previously untreated disease was assessed in 619 patients (HR 0.75, 95% CI 0.54-1.04, I
2 of heterogeneity = 55%, P = 0.11). Maintenance treatment for patients with a relapsed or refractory disease was assessed in 92 patients of 2 trials. 15, 17 Due to the paucity of data and the high statistical heterogeneity (I 2 = 88%, P = 0.004) that may be attributed to different disease characteristics and induction regimens (chemotherapy with or without rituximab in 1 trial, and rituximab alone in another trial) we did not pool the results.
Induction protocol. The effect of maintenance differed with different induction therapy (between subgroups difference chisquared; P = 0.02). The point estimates of death by the type of chemotherapy are specified in Table 2 .
Control arm. We also performed a post hoc analysis by of trials in which the control group was observed without further treatment the results did not changed significantly.
Methodological quality of trials. We did not perform sensitivity analysis by allocation concealment or sequence generation, since most trials were judged at low risk of bias. Including only trials with at least 100 patients the HR of death was 0.78, 95% CI 0.46 to 1.32. [18] [19] [20] 23 Pooling data using a random-effect model. When overall survival results were pooled using a random-effect model, there was no evidence of effect of maintenance on survival (HR of death 0.81, 95% CI 0.56-1.19).
Secondary outcomes
A beneficial effect of rituximab maintenance on PFS was shown in each of the 5 trials that reported PFS results. In the pooled analysis, PFS was longer with rituximab maintenance compared to observation or interferon-alfa (HR of progression or death 0.58, 95% CI 0.45-0.73). There was no evidence of effect on event-free survival following bortezomib maintenance (HR 0.84, 95% CI 0.32-2.20). 21 We graded the quality of PFS estimates as low (downgraded due to clinical heterogeneity and lack of blinding that may affect assessment of subjective outcomes) (detection bias).
The rate of complete response beyond the maintenance phase was higher for patients who received rituximab maintenance compared to those who were observed or received interferon-alfa, with an RR of 2.01, 95% CI 1.52 to 2.64 (3 trials, 622 patients).
Quality of life was not reported in the included trials.
Adverse events
There was no statistically significant difference in the rate of grade 3 to 4 anemia, and thrombocytopenia between maintenance and observation (RR 0.71, 95% CI 0.23-2.22, and RR 1.32, 95% CI 0.67-2.60, respectively, 392 patients) 15, 17 but the risk of neutropenia was higher with maintenance compared to observation (RR 2.02, 95% CI 1.50-2.73). In 1 trial, the rate of thrombocytopenia and neutropenia were lower among patients who received rituximab maintenance compared to those who received interferon-alfa. 18 Of 649, 46 (7%) randomized patients experienced an infection. 15, 18, 19 The risk of grade 3 to 4 infection was not affected by rituximab maintenance (RR 1.30, 95% CI 0.72-2.35).
Discussion
Pooled analysis of 4 trials that assessed rituximab maintenance therapy after a successful induction for patients with MCL demonstrated a statistically significant improved PFS but no clear evidence of effect on overall survival (HR 0.79, 95% CI 0.58-1.06) (Table 3 ; Summary of Findings). More patients were in complete remission after rituximab maintenance than in the comparator group. The effect of bortezomib maintenance was The randomization to maintenance occurred after the end of induction. We could not estimate HR based on reported data for fludarabine-containing regimen. Presented are the results as RRs as there were no major differences between the results evaluated as RR or HR with other regimens. CHOP = cyclophosphamide, adriamycin, vincristine, prednisone, CI = confidence interval, HR = hazard ratio, RR = risk ratio.
assessed in 1 trial with a small number of patients with no evidence of effect on PFS and overall survival. With rituximab maintenance the risk of grade 3 or higher adverse events was higher compared to observation. The risk of grade 3 to 4 neutropenia was statistically significantly higher with rituximab maintenance compared to observation. However, this did not translate into a higher risk of infection. The overall rate of infection was quite low.
In our search, we used "mantle" crossed with other term to search for trials. This restricted our search to trials that used the REAL classification and later the WHO classification and defined the indication as mantle cell lymphoma. Trials that used other terms (as centrocytic lymphoma) might not been identified through our search.
Despite some variability in patients' characteristics the effect of rituximab maintenance was a beneficial effect in most trials. Yet, as shown in the trial by Kluin-Nelemans and colleagues, 18 the effect of rituximab maintenance may interact with the type of induction. In that trial, rituximab maintenance was of benefit after R-CHOP but not after FCR. In our analysis, there was a differential effect of rituximab maintenance after bendamustinerituximab and after CHOP or cytarabine-containing induction with no overall survival benefit in the first and a clear benefit in the later settings. A possible explanation for that observation is a different adverse events profile with different induction chemotherapy, as was shown by Marcus et al in the GALLIUM study. 23 In that trial, patients treated with bendamustine in combination with rituximab or obinutuzumab had a higher rate of nonrelapserelated fatal adverse events than patients treated with CHOP/ CVP in combination with rituximab or obinutuzumab. Likewise, a higher rate of death without progression (vs interferon-alfa), and a higher severe infection rate (vs CHOP) reported by Hoster et al may explain the lack of overall survival benefit with maintenance therapy after fludarabine-based induction. 14 There is no doubt that a longer overall survival and quality of life are the most important outcomes. Yet, in the case of MCL, a longer PFS has set some of the treatment standards as ASCT for transplant eligible patients. The combination of a clear longer PFS in each of the trials and in the pooled analysis with a possible trend toward improved overall survival with maintenance in the pooled analysis tips the scales in favor of maintenance treatment for mantle cell lymphoma patients.
To conclude based on our results, rituximab maintenance is recommended after immunochemotherapy with R-CHOP or cytarabine-containing induction in the front-line setting for transplant eligible and ineligible patients, and after R-CHOP in the relapse setting. It is unclear if maintenance is of benefit after different induction chemotherapy such as bendamustine or fludarabine. By contrast, current data does not support improved outcomes with bortezomib maintenance for MCL patients. The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). a Downgraded due to the heterogeneity in some patient characteristics and induction regimens. b Downgraded due to clinical heterogeneity and lack of blinding that may affect assessment of subjective outcomes. c GRADE Working Group grades of evidence; high quality: we are very confident that the true effect lies close to that of the estimate of the effect; moderate quality: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different; low quality: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect; and very low quality: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
